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DNA ENCODING A HUMAN CALCIUM CHANNEL ALPHA-IE SUBUNIT 

;gleld of thm Tnvntlon 

The present invention relates to human 
5 calcim channel compositions* In particular, the 
invention includes con^ositions containing a human 
neuronal calcium channel alpha subunlt designated 
subtype "IE" herein. Compositions of the invention 
include coding sequences for the suDunit, as well 
10' as calls containing such coding soguBnces and 
expressing the human neuronal alpha-LE subunit, 

AuBUbel, P.M., et al. (1992) 
^ 15 Pi-atoeolg j n Molenular Biology, John Wiley and 
SonSr Media, PA. 

Dubel, et al. (1992) Proc Natl. Acad. Sci. 
Sa:505B-5062- 

Harpold, K.M., ot aJ • (1993) PCT Patent 
20 Application Pub. Ko. WO 93/04083. 

Hulin, K., et al. (1990) EMBO J. il:885-89D. 
Mintz, I.N., et al. (1991) Proc. Natl, Acad. 
5ci. PSA p8! 6628-6631. 

Mori, et al. (1991) KTature 250:398-402. 
25 Sambrook, et ai. (1989) ^nl^mlBT Cloning, A 

Tabor atorv Manual , Cold Spring Harbor Laboratory 
Press. 

Scharf, S. J., et al., Science 231:1076 
(1986). 

30 snutch, X-P., et al. (1990) Proc. Natl.. Acad, 

Scl. USA fll; 3391-3395. 

Tanabe, T. et al (1987) Nature a2fi:313-318. . 
Tsien, R.W, , et al. (1991) rlP5 12:349-354. 
Williams, M. E. et al. (1992) Neuron 1:71-84. 
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PaolcaroUT td of the invention 

Voltage-gated calcium channels are present in 
a wide variety of tissues, particularly excitable 
tissues, where they act to regulate membrane 
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excitability, such functions as muscle 
cozvtraotion ana isynaptlc transmission are 
regulated, at least in part, by specific voltage- 
gated calcium channels. CoBipoundg, such as 
5 dihydrcpyridine compounds, that block certain of 
these channels are used therapeutically in the 
nanagement of various disorders such as 
hypertension, angina and subarachnoid hemorrhage. 
Voltage-gated calcium channels have generally 

10 been classified according to their 

electrophysiological and pharmacological 
properties- Currently, at least four classes of 
voltage-gated calcium channels are recognized: L- 
type, T-type, N-type, and P-type. However, 

15 molecular cloning techniques have revealed the 

existence of different sub-types of channel within 
some of these classes. (see Tsien et al-, Trends 
in Pharmacological Sciences 12: 349-354, for 
review) » 

20 In general, voltage gated calcium channels 

have been shown to consist of at least 4 non- 
identical subunits: the alpha-1 subunit, alpha-2 
subunit, beta subunit and gamma subunit. For the 
L-type calcium channels, which are probably the 

26 best characterized calcium channels, it has been 
shown that the alpha-1 subunit contains the 
binding site for dihydrcpyridine ligands. 

Partial cDNA clones encoding portions of 
several different subtypes of of the rat neuronal 

30 calcium channel alpha-1 subunit, referred to as 

rat brain class A, B, C and D, were first isolated 
from rat brain cDHA libraries (Snutch, et al. , 
1990) . Homologous alpha-1 clones subtypes A-D 
have been described in humans by Harpold et al. 

35 (PCT/US92/O6903; WD93/04083) , 

The present invention is concerned with a 
fifth human neuronal calcium channel alpha-1 



wo 95/04144 



FCT/US94/085S9 



3 



sutounit, termed "IE" or ha-lE herein. This 
flubunit diverges considerably from the other human 
alpha-1 Bubunit clones, exhibiting only about 62% 
deduced amino acid sequence homology to other 
5 human neuronal alpha-1 subunits. As shown herein, 
this Bubunlt can form a heterologous calcium 
dhannel with alpha-2 and beta subunits. The novel 
channel has a unique pharmacology and is therefore 
useful in screening for new, more selective 
10 therapeutic agents directed at calcium channel 
modulation • 

fl»yHn«f>Y Qg th^ !^nvention 

In one aspect, the invention includes an 
15 isolated DNA fragment that encodes an alpha-IE 

subunit of a human neuronal calcium channel. The 
fragment has the nucleotide sequence prosented as 

' SEQ ID K0:1* 

Also included in the invention is an alpha-IE 

20 polypeptide subunit of a human neuronal calcium 
channel having the. sequence presented as SEQ ID 
WO: 2. In another aspect, the invention 
includes a mammalian expression vector containing 
the nucleotide sequence SEQ ID N0:1. 

25 A eukaryotic cell in acordance with the 

invention inoludee a heterologous DNA having the 
sequence presented as SEQ ID NO:l. The cell 
eaepressea a neuronal calcium channel including a 
polypeptide subunit having the sequence SEQ ID NO: 

30 2. The cells may be further designed to express 
neuronal calcium channel subunits and ^. 

The cell line can be used to screen compounds 
effective to inhibit calcium uptake by neuronal 
cells. 

35 miese and other objects and features of the 

invention will be laore fully appreciated when the 
following detailed description of the invention la 
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read in c njunction with the accompanying 
drawings. 

p yiflf DaHeriPtion o ff ngawinoa 

5 Figure 1 shows the DNA sequenca (SEQ ID NO: 

1) of the human neuronal calcium Channel alpha 
subunit ha-lfi and the deduced amino acid sequence 
(SEQ ID NO: 2) for the channel subunit; and 

Figure 2 shows a tracing of a barim current 
10 measured in a eukaryotic cell expressing a 

hoterologouB calcium channel including the human 
neuronal calcium channel alpha subunit ha-lE. 

natailad P iiiiertptien of the Invent;ion 

15 I- De£jLni.tiffnB 

Unless otherwise indicated, all terms used 
herein have the same meaning as they would to on© 
skilled in the art of the present invention. 
Practitioners are particularly directed to 

20 current Pr o t"'^^^« Tl'^^ftr"''^^ Bloloov (Ausubel) 
for definitions and terms of the art. 

The terms "heterologous DHA" and 
"heterologous RMA" refer to nucleotides that are 
not endogenous to the cell or part of the genome 

25 in which they are present; generally such 

nucleotides have been added to the cell, by 
transfection, microinjection, electr operation, or 
the like. Such nucleotides generally include at 
least one coding sequence, but this coding 

30 sequence need not be expressed. 

The term "expression vector" refers to 
vectors that have the ability to incorporates and 
express heterologous DNA fragments in a foreign 
call. Many prokaryotic and eukaryotic expression 

35 vectors are commercially available. Selection of 
appropriate expression vectors is within the 
knowledge of those having skill in the art. 
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II. TBHlation o f nNA Coding gemiances for Human 

^f ^iironal ^1pha-lE Subunlt 

The diversity of voltage-gated calcium 
channels between and within tissues as well as 
across species is becoming more apparent, as new 
channels having distinct electrophysiological and 
pharmacological characteristics are reported. The 
present invention describes a new calcium channel 
isolated from human brain. As reported herein, 
this channel is categorized as an alpha subunit of 
a voltage-gated calcium channel. The novel human 
channel reported herein is referred to as the 
human alpha-IE subunit, or ha-lE, in accordance 
with the nomenclature defined by Snutch for rat 
brain-derived calcium channel alpha subunits A-D. 

A number of overlapping partial cDKA clones 
were isolated from a human hlppocampal library in 
order to characterize the complete ha-lB coding 
sequence. The complete ha-lE nucleotide (nt) 
sequence is depicted in Figure 1 as SEQ ID NO: 1- 
AlBo shown is the deduced amino acid sequence 
(single letter code indicated below nt sequence) 
as SEQ ID NO: 2 « A list of the of four partial 
cDNA clones used to characterize the alK sequence 
and the nucleotide position of each clone relative 
to the full-length ha-lE sequence (SEQ ID No-1) is 
shown in Table 1 below. 

j Ho yrh^f 4 cation of partial hfl-jE C l 9n?^ . 




H24 



H6 



12 



3-69A 



nt 1 to 2374 of SEQ ID No 1 



nt 1185 to 5377 Of SEQ ID No 1 



nt 3192 to 6435 of SEQ ID No 1 



6 I nt 5176 to 6922 of SEQ ID No 1 j 
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The isolation and characrterization of each of 
the partial clones are described below and 
detailed in Example X. The codon for the start 
methionine begins with nt 107 and nt 6912 
5 represents the end of the open reading frame. The 
initial 107 and final 10 nucleotides (nt). 
represent 5' and 3' untranslated regions ^ 
respectively. 

10 A. ^creming T.^hrflT-ieg fyy ffuman Calcium 

Channels 

Synthetic oligonucleotide probes for 
hybridization screening were prepared on an 
automated oligonucleotide synthesizer (Applied 

15 Bioaystems, Foster City, CA) . In order to obtain 
clones to form the complete ha-lE sequence, 
oligonucleotide probes based on other calcium 
channels were constxucted as described in Exan«)le 
1. Probes were constructed based on the sequence 

20 of the rat calcium channels such as those 

described by snutch and Dubel. These subunita are 
alpha-1 subunits of rat neuronal calcium channels. 
They exhibit only about a 62% amino acid sequence 
identity with the h(3c-lB clone which was eventually 

25 constructed- Further probes wore restriction 
fragments of partial clone H6. 

A human hippocampal library was obtained from 
a commercial supplier (Stratagene, La Jolla, CA) . 
Alternatively, brain libraries from the 

30 hippocampal or other discrete brain regions, or 

from the whole brain, can be produced according to 
standard methods now known in the art (Ausubel) , 
in order to identify variants, such as splice 
variants of the ha- IE channel • Such methods 

35 include lyslng of cells comprising the region of 
interest to extract RNA. PolyA+ RNA is then 
isolated and used to synthesize single-stranded 
cDNA, from which is produced double-stranded cDNA, 
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\ising spacifio r random hexainer primers, such as 
hexadeoxynucleotido primers (Clontech, Palo Alto, 
CA) . 

Restriction enzyme adaptor regions are then 
5 ligatBd to the single-stranded cDNA, according to 
standard methods (Samhrook) . Such cDNA is then 
purified and size-selected by agarose gel 
chrcanatography. The cDNA is tiien eluted and 
ligated to a selected vector sequence, such as a 

10 lambda gtll vector or a lambda ZAP vector, as used 
in the Examples reported herein. The vector is 
then packaged into appropriate phage hosts and 
used to infect bacterial cells, as ^S^Qli 
according to methods known in the art, 

15 commercial or custom generated libraries, 

such as phage-cDNA libraries described above, are 
screened using as probes oligonucleotide 
hybridization probes, as described in Example 1, 
under standard conditions, and medium stringency 

20 (Ausubel) . Briefly, oligonucleotide hybridization 
probes are radiolabeled by random priming iftethods 
{fiaabrook) , then hybridized to immobilized DNA 
from the cDNA library. Those phage plaques 
showing hybridization with the probes are 

25 selected, subcloned, and re-tested, positive 

clones are Identified by autoradiography. Clones 
identified according to the methods described 
above are expected to be partial sequence clones, 
due to the size selection of the cDNA used in 

30 generating the library and the predicted size of 
the calcium channel alpha subunit, based on data 
from calcium channels from other species. 

Clones identified and isolated as described 
above are placque purified prior to extraction of 

35 DNA and production of double stranded plasmid 
CDNA* The sequence of the plasmid cDNA is then 
determined, by standard methods, such as on a 
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' comnorclal DNA aaquencer (Applied Bioayateas, 
Foster City, CA) . As noted above, four partial 
clones, H6; H24, 12, and 3-69A, were used to 
determine the full-length sequence of ha-lE. 
5 Regions of overlap between different clones 
obtained were . determined by comparison of the 
sequences. 

Alternatively,, the sequenees provided by the 
end-terminal sequenees of partial clones useful as 

10 specific sequence printers in first-strand DMA 
synthesis reactions (Maniatis et al.; Soharf et 
al.) using, for ejcaaple, partially purified total 
cellular RMA as substrate, synthesis of the 
second-strand of the cDNA is randomly primed 

15 (Boehringar Mannheim, Indianapolis IM) . The 
above procedures identify or produce cDNA 
molecules corresponding to nucleic acid regions 
tiiat are adjacent to any of the partial clone 
aeguancea. These newly isolated sequences can in 

20 turn be used to identify further flanking se- 
quences, and BO on, to identify overlapping cDMA 
clones from which the entire ho-lE sequence can be 
determined. Using the general methods desoribed 
above, and detailed in Example 1, the sequence of 

25 the full-length ha-lB coding sequence is 

determined. The full-length ha-lE clone is 
constructed from the partial overlapping clones is 
detailed in Example 2. 

30 B. <pnnetructi P » r,r Pull-lPTiath hg-lE C^opffg 

With reference to Table 1 and Figtire 1, it 
can be seen that olE cDNA clones H24, H6, 12, and 
3-69A, isolated as described above, overlap and 
include the nucleotide sequence Which codes for 

35 the entire alE open reading frame, nt 107 to 6912 
(SEQ ID »0! 1) . Restriction fragments of these 
partial cDNA clones were ligated together to 
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generat a full-length alE cDNA in a eukaryotio 
expression vector (p DNA III- Invitrogen) . The 
resulting construct was named KX-HEl. 

The construction of ha-lE, termed NX-HEl and 
5 identified as SEQ ID NO: 1, herein, was performed 
in multiple steps as described in detail in 
Example 2. Briefly, the H24 clone (SBQ ID NO: 3) 
was recioned into Bluescript SK+ ("BS") 
(Stratagene, San Diego, CA) to obtain proper 

10 orientation within the BS polylinker such that the 
BS Xhol site was 5' relative to the coding region, 
forming Construct 1. An Xhol fragment from 
construct l was then llgated into the eukaryotic 
ej^esaion vector pcDNA III (Invitrogen, San 

15 Diego, CA) to form Construct 2. An Xhol/Apal 
fragment from clone H6 (SEQ ID NO: 4) was then 
ligated into Construct 2 form Construct 3. "PhB 
raoalndar of the 3' end was constructed 
separately, as follows. An sfil/BamHI fragment 

20 from clone 3-69A was ligated into clone 12 (SEQ ID 
NO: 5) to form construct 4. Finally, an Apal 
fragment of construct 4 was ligated into construct^ 
3 to from the full length clone SEQ ID No.l). 
This ligated product containing the full length 

25 sequence was named NX-HEl. 

III. wotai-Qlott p yn ]i;vpT-««ainn of hO-lK CbI I S 

It can be appreciated that, given the 
diversity and importance of voltage-gated calcium 

30 channels in maranalian physiology, possession of 
. calls which transiently or conatitutively express 
selected channel subtypes, such as the hot-IE 
subtype calcium channel, would find use in the 
medical arts, parti^larly in the areas of 

35 diagnosis and/or drug screening. Exemplary assays 
in these areas are described in Section V. 
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It can bo appreciated that functional 
express! n of calcium currents is particularly 
useful in practicing parts of the invention 
described herein. However, expression of a 
5 particular heterologous DKA sequence can be 

monitored to sons advantage , using non-functional 
assays, such as Northern blot assays and protein 
expression assays, such as inoiiunodetection 
methods. The present invention provides tools for 
10 use in such methods, including oligonucleotide 

probes and proteins and peptides for production of 
antibodies for use in iminunodBtection assays. 

A, ?>rppflrfltion of Rftqoffbinant magoUc 
15 <; ^;Llfl Cont ?ft^Hna DWA Fncodlnq Heter- 

ologous htt-lg Su bunits 

DNA encoding the ha-lE calcium channel 

subunit may be introduced into a host cell for 

expression of the DNA. Methods for introduction 

20 of such 1>NA into cells are 3cnown those skilled in 
the art (Ausubel, Sambrook) . Such methods 
include, for example, transf action of eukaryotlc 
cells with an appropriate expression plasmid 
vector, such as the vectors described in Section 

25 II herein, or a combination of plasmid vectors 
each containing a different calcium channel 
subunit/ selected from alpha-1, alpha-2, beta, and 
gamma subunits known in the art to form functional 
calcium channels (Williams) . each encoding one 

30 or more distinct genes or with linear DNA, and 

selection of transf ected cells are also well-known 
in the art (Sambrook, et al., 1989). 

Cloned full-length DNA encoding the alpha-IE 
subunit of a human calcium channel, such as the 

35 ha-lE DNA sequence SEQ ID NO: 1, described herein, 
introduced into a plasmid vector for expression in 
a eukaryotic cell. Host cells may also be 
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transfectBd with linear DNA according to standard 
methods. 

Practice of the present invention can be 
effectively carried out using any of a number of 
5 mammalian expression systems, including yeast 

cells. Howaveri mammalian expraaaioh systems may 
be preferred for practicing certain aspects of the 
invention. 

Eukearyotic cells suitable for introduction of 

10 . heterologous ha^lE calcium channel subunit include 
any ceils that are transfectable by such DMA or 
RNA or into which such DNA may be Injected. 
Preferred host cells are those that can also 
express the heterologous DNA and I^NA. For 

15 practicing certain aspects of the invention, such 
as electrophysiological measurements described in 
Section IV it is appreciated that it may be 
desirable that the host cell lack endogenous 
functionally ejcpressed voltage gated calcium 

20 channelse having current characteristics similar 
to those exhibited by the human alpha-l calcium 
channel subunit s described herein. In such cases 
it may be necessary, in order to observe and 
measure functional expression of the exogenous ly 

25 added alpha- IE subunit, to introduce into the cell 
heterologous coding sequences encoding the alpha-2 • 
and possibly also the beta calolum channel 
subunit. As described above, coding sequences for 
such auxilliary subunits have been published, and 

30 expression in vectors suitable for introduction 
into cells is well within the skill of the 
practitioner. 

In addition, preferred cells for introducing 
DNA include those that can be transiently or 

35 stably transfectBd and include, but are not 

limited to, cells of mammalian origin, such as COS 
cells, mouse 1 cells, Chinese Hamster Ovary (CHO) 



Tf^riT LB/^Z/ZO 



WOP5/D4144 



PCr/OS94/08589 



12 

cells, human enibryonio kidney (HEK) cells, African 
green monkey cells, and the like. Preferred cells 
include DG44 oellB and HEK 292 cells, particularly 
HBK 293 cells that have been adapted for growth in 
5 suspension. Additionally XeDopus laevis oocytes 
find use in the practice of the invention, as 
described in Part B and Section IV, below. 
Additionally, yeast cells such as Saccharomycas 
CBrBvislaa or Pichla pastoris may be utilized in 

10 practicing the invention. 

Heterologous DNA encoding a human alpha- IB 
subunit, such as the ha-lE calcium channel 
subunit, may be introduced by any method known to 
those skilled in the art, such as tranafectlon 

15 with a vector containing the DNA sequence that 

encodes the subunit, such as the DNA sequence SEQ 
ID NO: !• Particularly preferred vectors for 
transf ection of mammalian cells are the pSV2dhfr 
expression vectors, which contain the SV40 early 

20 promoter, mouse dhfr gene, SV40 polyadenylatlon 
and splice sites and sequences necessary for 
maintaining the vector in bacteria, 
cytomegalovirus (CMV) promoter-based vectors such 
as pCMV or pCDNAl or PcDNA3 (Invitrogen) , and MKTV 

25 promoter-based vectors. DNA encoding the human 

calcium channel subunit hot-IE is been inserted in 
the vector pcDNA3 such that its expression is 
regulated by the CMV promoter- Such constructs 
are suitable for transf ecting a number of 

30 mammalian cells, including COS cells and HEK 293 
colls. Other suitable vectors and cell targets 
include, but are not limited to pCMV and pREP 
vectors (obtained from Invitrogen, San Diego, CA) . 
Stably or transiently transf ected mammalian 

35 cells may be prepared by methods that are well 
known in the art. Cells are transf ected with an 
expression vector having a selectable marker gene 
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Buch aa the gene for thymidine kinase , 
dihydrofolate reductase, or the like. Stable 
tranafection of cells is conveniently achieved by 
growing the transfected cells under conditions 
5 that promote growth of cells expressing the marker 
gene* 

The heterologous DNA encoding the human 
aipha-lE calcium channel s\ibunit may be integrated 
into cell's chromosomal material or nay be 
10 maintained in the cell as an episomal element. 
Cells containing such heterologous DNA may be 
passaged and/or subcultured, according to methods 
appropriate to the cell type and known in the art- 

15 B. Vtinctional Tgvpr&seion of htt-lE in 

yenopua oocytes 
A plasmid, such as a pBlueacript SK+ plasmid, 
containing the full-length NX-HKl coding sequence 
is used to produce complementary IWA, using an 

20 appropriate BNA polymerase i euch as T7 or SP6 
polymerase « Such RNA is injected into oocytes 
from XenopuG laevis (about 5-10 pg/oocyte) , 
according to methods known in the art- For 
expression of a funtional calciiam channel in 

25 oocytes, coexpresfiion of a calcium channel alpha-2 
Eubunit, such as the rabbit skeletal muscle alpha- 
2 subunit (Mori et al., incorporated herein by 
reference) may be required. Additionally, 
inclusion of a calcivtm channel Beta subunit, such 

30 as the Beta-3 subunit from rabbit heart (Hulin et 
al, incorporated herein by reference) , helps 
optimize functional expression of the channel. 
Coding secpiences for the aforementioned alpha'-2 
and beta-3 eubunits have been published as cited 

35 above, and construction of expression vectors 

suitable for injection into oocytes is within the 
skill of the practitioner. Per expression in 
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o cytea, approximately aguimolar amounts of KNA 
are injected into each oocyte. 

C. Functiona l, Emresgjnn of ha-lE in 
M^imall^^Ti cells 

one cell type that is particularly amenable 
to transient or stable transfectlon is the human 
embryonic kidney cell line HEK 293 (ATCC Accession 
No» CRL1573) . Such cells can be transiently 
cotransfected with the ha-lE subunlt cDNA 
expression plasmid, and one or more of an tx^ 
calcium channel subunit cDNA expression plasmid, 
an /?, subunit cDNA expression plasmid as detailed 
in Example 4 (Williams) • 

Stable transfectlon can also be achieved in 
HEK 293 cells according to standard methods 
(Ausubel) . suitable vectors for stable 
transfection include pcDNAl and pcDNA3. 

Transf acted cells are selected, for example 
by differential growth in limiting medium, 
according to methods known in the art. Such cells 
are subcloned and tested, for example by Northern 
blot analysis, for the evidence for the expression 
of the human alpha-IE calcium channel. 
Alternatively or in addition, individual 
transf ected cells can be analyzed 
electrophysiologically for the presence of 
voltage-activated calcium currents (using barium 
as carrier, as described in Section IV. Such 
cells are useful in functional and/or binding 
assays, as described in Section V. 

IV. i ;i f >gtrnphvP ^g>lQqiQal MftaffurOTBntB 

A. B ^eoi-di-na r^f GalciuT" r^rrents in XenopUP 
oocytes. 

Functional expression of a heterologous ha-lE 
calcium channel subunit can be measured in Xenopus 
oocytes injected with heterologous RNA, as 
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described in section III. currents are 
conveniently recorded using a atandard two- 
niaroalectrode voltaga-clamp connected to an 
an^lification system. Cells are placed in a 
5 chloride-free bathing solution containing, about 40 
inK fia(0H]2r such that barium acts as current 
carrier in the system. Channels are activated by 
periodic delivery of voltage pulses, currents are 
measured and normalized according to procedures 
10 known to those familiar with the art pertaining to 
electrophysiology. 

The present invention includes methods for 

15 identifying therapeutic compounds, audh as calcium 
channel agonist and antagonists, that modulate the 
activity of calcium channels. Such assays are 
useful ae screens for new therapeutic compounds 
having calcium channel agonist and/or antagonist 

20 activity. Presently , calcium channel antagonists 
directed at L-type calcium channels find use in 
the treatment of hypertension, subarachnoid 
hemorrhage and variant forms of angina. Certain N- 
type calcium channel antagonists have been found 

25 to be useful in reducing cerebral ischemia, as 
described in co-owned U.S, Patents 4/051,403 and 
5,189,020, incorporated herein by reference. 

According to the present invention, 
eukaryotic cells eaqpresslng heterologous ha-lE 

30 calcium channel subunlts encoded by heterologous 
DNA as described heroin are useful for screening 
for ha-lS subtype-specific compounds, and for 
predicting the relative potencies of such 
compounds. 

35 In particular, cells expressing such 

heterologous calcium channels of the ho- IE subtype 
can be used in binding assays, wherein whole cells 
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or membranes thereof are tested for ability to 
bind a test compound, generally by measuring the 
ability of the test compound to displace a known 
llgand of the channel. One appropriate functional 
5 ligand which binds to the channel and blocks ha-lE 
calcium currents is the spider toxin Aga-IIIA 
(Isolated as described by Mlntz, et al.^ 
incorporated herein by reference) . 

Methods for carrying out such screening 

10 assays are well Icnown in the art, and setting up 
sucSh assays is within the skill of the practioner. 
Co-owned allowed U.S. patent application 
07/855,269, incorporated herein by reference, 
describes assays which utilize isolated ne\ironal 

15 calcium channels- for screening of certain types of 
N-type calcium channel antagonists. Such methods 
are adaptable to the present invent ion - 

Alternatively, or additionally, such 
screening assays may include assays in which is 

20 determined the functional activity of an expressed 
calcium channel. In such an assay, drugs which 
alter such activity, such as calcium current 
activity, are candidates for calcium channel-based 
therapeutics, of the types suggested above or or 

25 additional types. 

The following examples illustrate, but in no 
way are intended to limit the present invention. 

3Q ] tf pterials Methods 

A lambda-ZAP cDNA human hippocampal cDNA 
library was obteined from Stratagene (La Jolla, 
OA) . A eukaryotic expression vector pcDMA III was 
obtained from Invitrogen (San Diego CA) . T4 DNA 

35 ligaae and T4 DNA polymerase were obtained from 

Kew England Biolabs (Beverly, MA); Nitrocellulose. 
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filters were obtained from Schl icher and Schuell 
(Keen , KH) . 

Bluescript SK+(BS) was obtained from 
Stratagene (San Diego, CA) • 
5 Dephosphorylated Calf intestinal phosphatase 

(CIP) was obtained form New England Biolabs 

(Beverly, MA) • 

Synthetic oligonucleotide linkers and primers 

were prepared using comniercially available 
10 automated oligonucleotide synthesizers, such as 

obtained from Applied Biosystens (Foster City, 

CA) . Alternatively, custom designed synthetic 

oligonucleotides may be purchased, for example, 

from synthetic Genetics (San Diego, CA) . cDNA 
15 synthesis Xit and random priming labeling kits 

were obtained from Boehringer-Mannheim Biochemical 

(BMB, Indianapolis, IN). 

Standard molecular biology and cloning 

techniques were performed essentially as ^ 
20 previously described in Auaubel, et al., Sambrook, 

et al., and Maniatia, et al, 

TflHlatlon o f partial cDNA clones 
25 A. Clone H6 

one million recombinants of a XZAP II 

(Stratagene, l.a Jolla, CA) human hippocanpal cDNA 

library were screened in duplicate at a density of 

50,000 plaques per 150 ram plate using two 
30 radiolabeled 1.6 kb (Hind III and Xho I digested) 

fragments of the rat Class B al subunit cDHA (for ^ 

the sequence of the rat Class B al subunit see 

Dubel Bt al. (1992) Proc. Natl. Acad. Sci- 

69:5058-5062, incorporated herein by reference) : 
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Hindlll-Hlndlll | 712 to 2288 



Xhol-Xhol 




10 



15 



20 



25 



30 



The hybridization was performed under 
standard conditions (5x SSPE, 5X banhardt's, 0.1% 
SDS, 1 mg/ml salmon sperm DNA; recipes found in 
sambrook et al.(1989) Molecular Cloning, A 
Lalraratory Manual, Cold Spring Harbor Laboratory 
Press) . Filters were washed under medium 
stringency conditions (0.2X SSPB, 0.1% SDS, 50«C) . 
H6 was one of two Class E specific clones 
isolated. H6 bacteriophage was plaque purified 
using standard methods (J- Saabrook et al. (1989) 
Molecular Cloning, A Laboratory Manual, Cold 
Spring Harbor Laboratory Press) , double stranded 
BS plasmid cDNA was isolated using standard 
phagemid rescue procedures (Stratagene) , and DNA 
sequence was obtained using PCR baaed fluorescence 
dye termintaor procedures (Applied Biosystems) • 

B. Clone H24 

One million recombinants of a XZ3^ II 
(Stratagene) human hippocampal cDNA library were 
screened in duplicate at a density of 50,000 
plaques per 150 mm plate using a radiolabeled 
Notl/EcoRI fragment (nucleotides 118 to 705) of 
the rat Class B al subunit cDNA (for the sequence 
of the rat Class B al subunit see Dubel et al. 
(1992) Proc. Natl. Acad. Sci. 89:5058-5062). The 
hybridi2ation was performed under stcindard 
conditions. Filters were washed under medium 
stringency conditions H24 was one of 5 positives 
isolated in the screen (4 of which were Class E 
clones) . H24 bacteriophage was plaque purified, 
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doubla Btandard plaamid cDNA was prepared, and the 
cl ne was chart act arized by DKA s quencing. 

C. Clone 12 

5 One million recombinants of a XZAP li 

{Stratagene) human hippocampal cDNA library were 
screened in duplicate at a density of 50,000 
plaques per 150 mm plata using a radiolabeled 
PBtl/ Apal fragment (nucleotides 4194 to 4740) 

10 from the cDNA fragment H6. The hybridization was 
performed under standard conditions. Filters were 
washed under medium stringency conditions. 12 was 
one of 13 positives isolated in the screen. 12 
bacteriophage was plaque purified, double standard 

15 plasmid cDHA was prepared, and the clone was 
chartacterized by DNA sequencing. 

D. Clone 3"^69A 

One million recombinants of a XZAP II 
20 (Stratagene) human hippocampal cDNA library were 
screened in duplicate at a density of 50,000 
plagues per 150 mm plate using a radiolabeled DNA 
oligonucleotide probe derived from a rat neuronal 
alpha subunit cDNA, Tlie hybridization was 
25 performed under standard conditions. Filters were 
washed under medium stringency conditions. 3-69A 
was one of 37 positives isolated in the screen. 
3-69A bacteriophage was plaque purified, double 
standard plasmid cDNA was prepared, and the clone 
30 was chartacterized by DNA sequencing. 

conanmcti ftn of full lenoth gnman glB pDHA 
ha-lE cDNA clones H2 4, H6, 12, and 3-69A 
35 overlap and include the nucleotide sec(uence which 
codes for the entire ha-lE open reading frame, nt 
107 to 6912 (SEQ ID No: 1) . Restriction 
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fragmantc of these partial cDNA clones were 
llgatea together to generate a full-length ha-lE 
cDRA in a eukaryotic expression vector (pcDWA TII- 
Invitro'gen) , The rMultijig oonstaruct was named 
5 NX-HEl. TOie construction of NX-HEl was parformed 
in multiple steps as describad in detail below: 1) 
recloning of H24 into Bluescript SK+(BS) to obtain 
propar orientation (Construct 1) , 2) ligation of 
an Xhol fragment (nt 1 to 1374) from Construct 1 

10 into pcDNA III (to form Construct 2), 3) ligation 
of an Xhol/Apal fragment from H€ (nt 1374 to 4181) 
into Construct 2 (to form Construct 3), 4) 
ligation of an Sfil/BamHl fragment from 3-69A (nt 
5884 to 3' untranslated) into 12 (to form 

15 Construct 4) , and 5) ligation of an Apal fragment 
(nt 4181 to 3' untranslated into Construct 3 to 
from the full length clone SEQ ID Ko.l). 

1) To obtain Construct 1, H24 was digested 
with EcoRI and religated into BcoRI digested BS. 

20 The purpose of this ligation was to reorient the 
original H24 clone within the BS polylirOcer such 
that the BS Xhol site was 5' relative to the 
coding region. 

2) Construct 2 was digested with Xhol and the 
25 resultant 1.4 Jcb fragment was purified from an 

agarose gel and ligated into Xhol digested 
pcDNAIII dephosphorylated with calf Intestinal 
phosphatase (CIP) • This construct thus contained 
the 5' end of the clone (nt 1 to 1374). 

30 3) H6 was then digested with Xhol and Apa I 

and the resultant 2»8 3cb fragment (nt 1374 to 
4181) was ligated into Xhol /Apal digested and CIP 
treated Construct 2. The ligated product was 
referred to as Construct 3. ^ 

35 4) The remainder of the 3' end was 

constructed separately. First, 3-69A was digested 
with Sfil and BamHI to yield a 2,7 kb fragment (nt 
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5B84 to 3 ' untranalat d) , which was gal purified 
and ligated into Sfil/BamHI digested and CIP 
! treated 12. The ligated product was refarrad to 

I as construct 4. (All ligation junctions were 

5 sequenced prior to proceeding with the next step} . 
5) The final construct was prepared by 
digesting construct 4 with Apal, yielding a 4-1 
i kb fragment (nt 4182 to 3'ut ) which was gel 

' purified and ligated into Apal cut CIP treated 

10 Construct 3. This ligated product containing the 
full length sequence was named NX-HEl. 

pyamnle 3 

Prnictional Bvnreeelon of hft-lE in XofiOP^s ooeytgfl 

15 The ha-lE full-length DNA sequence SEQ ID 

KO:l %raB subcloned into pBluescript SK + to obtain 
plasmld pha-lE(SK+). Complementary RNA was 
synthesized from the plasmid in vitro using T7 or 
SP6 polymerase. Additionally, complementary RNA 

20 is aynthesieed from plasmids containing calcium 
channel alpha-2 subunits and Beta subunits known 
in the art (Mori, Williams, Tanabe) . RHA from 
each subunit was injected in equimolar ratios 
using 0-1 fig ml^' fit,, 0.1 ™i'* 0.03 ^g ml* 

25 ^ jS; - 50 nl is injected per cell. The ha-lE 
currents were recorded by a standard two- 
microelectrode voltage-clamp using a Warner 
amplifier {OC-725A) in a chloride free bath 
solution, containing (in nfflf) : Ba(OH)j, 5; 

30 tetraethylammonlum-OH, 40; KOH, 2; HEPES, 5; pH 
7.4 adjusted with methanesulphonlc acid. Data 
were sampled at 10 IcHz and filtered at 2 JOlz. 
Leak and capaci1:ance currents are subtracted off- 
line by a P/4 protocol. Voltage pulses are 

35 delivered every 15 s. For steady-state 

inactivation experiments, voltage pulses were 
delivered every 20 e« Peak normalized currents 
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were fitted to a Hodgkin-Huxley inactivatlon 
curve. Figure 2 shows a trace of a barium current 
measured in a xenopus oocyte previously injected 
with aiRNA encoding the human calcium channel 
5 subunit ha-lE (SEQ ID NO: 2) plus RKA encoding 
alpha*2 and beta suhunitS/ as described above. 
The current was invoked from a holding potential 
of -SO mV to a test potential of OmV. 

The spider toxin AgalllA was effective to 

10 block this current, at a batch concentration of 50 
riM. Other calcium channel blocking compounds 
which were unable to block this current and 
maximum concentrations tested are as follows: 
omega conotoxins MVIIA (5 fiK) , MVIIC (5 /tH) , TVIA 

15 (5 Aga TVA (100 nH) and dehydropyridines. 

^KqTPp?.e_4. 

pxp^eesion of ha-lE in Mammalian Cells 
Human embryonic kidney cells (HEK 293 
20 cells) were transiently and stably transfected 
with human neuronal DNA encoding calcium channel 
Bubunit6« 

A, Transfection of H SK 293 Cells 
25 Separate expression vectors containing DNA 

encoding human neuronal calcium channel ha-lE, rat 
Oj, and j9, aubunits, were used, constructed as 
described in Example 2. The ha-lE coding sequence 
described herein as SEQ ID NO: 1 was incorporated 
30 into a pcDNAl+3 vector, as described above, with 
addition of a c-myc epitope tag on the S' end of 
the ho-lE coding sequence, for monitoring, 
according to established methods. The vector was 
used for stable transfection of HEK 293 cells 
35 using the calcium phosphate transfection procedure 
(Ausubel). Cfulture plates containing about two 
million HEK 293 cells, were transf acted with 1 ml 
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of DNA/calciun phosphate precipitate containing 5 
«g of each of the vectors. After 10-20 days of 
^owth in media containing 500 G418, col^"^" 
had fomed and were isolated according to standard 

proceduree • 

Expression of ha-lE subunit by cells was 
Bonitored by fluorescence innmrnolabeling. Cells 
were incubated with fluorscently tagged antibodies 
{from commercial sources) directed to the c-ayc 
epitope, the coding sequence for which was added 
to the 5' end of the ha-lE coding sequence. 
E>q)ression of the h«-lE subunit having the epitope 
vas evidenced by imiwinof luorescence. 



While the invention has been described with 
reference to specific methods and embodiBents, it 
will be appreciated that various nodif ioations an. 
changes nay be Bade without departing from the 
20 invention- 
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XT IS CIAIMED; 

1. An Isolateci DNA fragment, comprising a 
sequence of nucleotides that encodeB an alpha-l£ 

5 aubunit of a human neuronal calcium channel, and 
having the sequence presented as SEQ ID H0:1. 

2. An alpha-lS polypeptide subunit of a 
human neuronal calcium channel having the sec[uence 

10 presented as S£Q 10 NO: 2. 

3. A mammaliem expression vector containing 
the nucleotide sequence presented as SEQ ID NO:l. 

15 4. A eukaryotic cell, vhich includes a 

heterologous DNA having the sequence presented as 
SEQ ID N0:1. 

5. The cell of claim 4, wherein the cell is 
20 a Xenopus oocyte, 

6. The cell of claim 4, wherein the cell is 
a human embryonic Jtidney cell. 

25 7. The cell of claim 4, wherein said DNA 

expresses a neuronal calcium channel including a 
polypeptide subunit having the sequence presented 
as SEQ XD no: 2. 

30 fi. The cell line of claim 7, vhich further 

expresses neuronal calcium channel subunits Oj and 

9. A method of screening a compound capable 
35 of blocking calcium uptake in human neuronal 
cells , comprising 
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exposing tha cell of claim 7 with the test 
compound, 

examining the effect of said expasing on 
calcium uptake into the cells, and 
5 selecting the compound if said exposing 

inhibits calcium uptake into the cells. 

10. The method of claim 9, wherein said 
exposing includes contacting the cells with the 
10 call of claim e. 



